On the origins of the adaptive immune system: novel insights from invertebrates and cold-blooded vertebrates.
When and how adaptive immunity emerged is one of the fundamental questions in immunology. Accumulated evidence suggests that the key components of adaptive immunity, rearranging receptor genes and the MHC, are unique to jawed vertebrates. Recent studies in protochordates, in particular, the draft genome sequence of the ascidian Ciona intestinalis, are providing important clues for understanding the origin of antigen receptors and the MHC. We discuss a group of newly identified protochordate genes along with some cold-blooded vertebrate genes, the ancestors of which might have provided key elements of antigen receptors. The organization of the proto-MHCs in protochordates provides convincing evidence that the MHC regions of jawed vertebrates emerged as a result of two rounds of chromosomal duplication.